


Institutional Archive of the Naval Postgraduate School 


Calhoun: The NPS Institutional Archive 
DSpace Repository 


Theses and Dissertations 1. Thesis and Dissertation Collection, all items 


1975 


A decision making model for designing 
turnkey housing. 


Connelie, Thomas Peter 


University of Colorado 


http://ndl.handle.net/10945/20804 


Downloaded from NPS Archive: Calhoun 


| Calhoun is the Naval Postgraduate School's public access digital repository for 
D U DLEY research materials and institutional publications created by the NPS community. 
get Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS'‘s first 
KNOX appointed — and published — scholarly author. 





LIBRARY Dudley Knox Library / Naval Postgraduate School 
411 Dyer Road / 1 University Circle 


http://www.nps.edu/library Monterey, California USA 93943 


‘ A DECISION MAKING MODEL FOR DESIGNING 
TURNKEY HOUS ING 


Thomas Peter Connelie 





a =_— 


LiOrary 
Nava! Posteraguat. scriuus 
Monterey, California 93949 











7 
a 
i 
y a 
| 
i} 
; | , 
i 
é | 
I ; " y ' 
. » LE Jt i 
iF | 
t , 
’ it 
: y 1 
' Ay 
i] ‘ 
| 
| \ : 


: J 1 
' A DECISION MAKING MODEL . 
FOR DESIGNING TURNKEY HOUSING | 







ve 5 by \ 
é if ' 
ia Thomas Peter Connelie 


' BCE, University fone Dayton, 1963 


A thesis submitted to the Faculty of the Graduate 


= School of the University of Colorado in partial 
oe 





fulfillment of the requirements for the degree of 
Master of Science 
artment of Engineering Design and Economic Evaluation 


— 1975 


‘a 1167974 








i 





A DECISION MAKING MODEL 
FOR DESIGNING TURNKEY HOUSING 
by 
Thomas Peter Connelie 


BCE, University of Dayton, 1963 


A thesis submitted to the Faculty of the Graduate 
School of the University of Colorado in partial 


fulfillment of the requirements for the degree of 


Pepartinent of Mnzineering Design and Econcmic Evaluation 


WS 1s 


1167974 





This Thesis for the Master of Science Degree by 
Thomas Peter Connelie 
nas been apvroved for the 
Department of 
Engineering Design and Economic Evaluation 


by 





sl ak all 

Connelie, Thomas Peter (M.S., Engr. Design and Economic 
Evalwat don) 

A Decision Making Model for Designing Turnkey Housing 


Thesis directed by Associated Professor Phillip F. Ostwald 


This thesis includes the development of a model 
for selecting design and engineering features to be 
included in tne design proposal for turnkey housing pro- 
jects. A Scoring svstem is develoved to determine a 
weighted score for each alternative design feature and 
the model maximizes the evaluation score using a computer- 
ized BALAS zero-one algoritnm. The constraints include 


the cost limitation and design criteria. 


This abstract is approved as to form and content. 
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CHAPTER’ i 
MIL EEARY FAMILY BPOUSING PROCUREMENT 


The procurement of all goods and services by the 
various branches of the United States military establish- 
ment is regulated by the Armed Services Procurement Regu- 
lations (ASPR), a set of administrative rules having the 
effect of law. Because of the wice range of goods and 
services required by the military, these rules cover a 
broad range of vrocurement methods with restrictions on 
the use of each type. Construction of facilities is 
identified as a Darticular type procurement with competi- 
tive bidding based on sovernment furnished plans and spe- 
cifications leading to a fixed price lump sum contract 
clearly identified as the preferred procedure. / Mies 1s 
certainly the most widely used method for contracting for 
the construction of facilities but by no means is it the 
only one. The regulations vermit other contracting »Droce- 
dures when it is determined to be in the best interest of 
tne government. 


Cxamples of other procurement procedures used in 


IASPR REG. 3 TITLE 10, U.S.C. 2202 18-102, P. 13: 
Ped 7/4)... 
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the past have included negotiations when competition was 
not available, cost vlus fixed fee and cost plus award 

fee when the scove of construction is not known or when 
it is desired to have the government assume responsibility 
for certain unknown conditions that might otherwise pre- 
clude contractors from bidding or cause them to include 
amounts for contingencies that might make construction 
impractical. Two other tynes of procurement procedures 
that are occasionally used are the two step procurement 
and turnkey process. In the former the prospective con- 
tractor does his own design work based on government fur- 
nishned criteria. After evaluation of the competing pro- 
posals by the military either a firm price is negotiated 
with a contractor chosen in the first vhase or those con- 
tractors with satisfactory provosals are requested to 
submit a fixed price bid. The second type is the turnkey 
concept wnere one firm is resvonsible for both design and 
construction. In the most common form of turnkey construc 
tion an owner selects a firm for a pvroject based on its 
experience, reputation or some otner criteria and through 
negotiations the owner and contractor reach agreement on 
the form and scove of the contract including price. An 
alternate form of turnkey is one in which there is com- 
petition among firms interested in a project and the award 
is made baseac on an evaluation of the proposals with the 
successful firm then awarded a contract for construction. 


This concept is frequently used by the aircraft companies 





and the Devartment of Defense in the procurement of new 
types of military aircraft. In this case all proposers 
are paid for submitting a proposal to defray the multi- 
million doliar expenses involved in developing the designs 
included in the Proposals. > In recent years the turnkey 
concept with award based on an evaluation of the proposal 
rather than negotiations has also been used for the 
construction of military family housing but without the 
provision for paving for the proposals. That is, the only 
proposer that is paid is the one awarded the contract for 
construction and his costs for developing the proposal are 
included in tne construction award amounts. 

The most common complaint against competitive bid- 
ding for housing based on completed plans and specifica- 
tions is that the design does not take full advantage of 
the expertise that contractors regularly building for the 
civilian housing market possess. The two step contracting 
procedure attempts to gain this expertise with the con- 
tractor submitting his own design proposal based on broad 
design criteria, essentially the Housing and Urban Develop- 
ment (HUD) minimum proverty standards with some minor 
restrictions/criteria established by the military. The 
first step consists of a request for proposals from 


interested contractors and an evaluation as to suitability 


SasPpR REG. 1 TITLE 10, U.S.C. 2202 3-211, P. 3- 
Pitts 3:10 (1974). 





and compliance with the design criteria. At the comple- 
tion of this first phase the contractors with the most 
promising proposals are requested to submit a complete 
proposal including price. Since all propnosals received 
under the second phase were vreviously screened for 
technical adequacy, award is generally made on the basis 
of low vrice rather than obtaining the best house for the 
available funds. 

The Navy developed the turnkey concept for housing 
procurement to permit the award for construction to be 
based on the quality of design rather than the low bid. 
This procedure is intended to make maximum use of the 
design and construction expertise of developers regularly 
engaged in the construction of private housing develop- 
ments. This type of procurement is defined as competitive 
negotiations under the ASPR. 

The procedure includes providing the prospective 
proposer with the design criteria, again essentially HUD 
minimum property standards; the amount of funds available 
for construction and the criteria used to evaluate the 
various proposals. In essence, each pdroposer then 
attempts to provide the best house and housing development 
possible within the fund limitation and using the evalua- 
G#en and design cxiteria provided. It is this contractual 
procedure and the challenge it presents to builders that 
eoncerns this thesis. To provide snvecific details regard- 


ing the Navy turnkey housing concept, a recent request for 





proposals for an actual project has been used as a basis 
for study rather than general specifications and a stan- 
dard evaluation guide. The request for proposals used 
was N62474-75-R-6010 dated 30 December !1974 for 500 family 
nousing units in Murphy Canyon for the Naval Complex, 
San Diego, California. The project is a portion of a 
long-range housing development in the area, but it is a 
complete and independent project. 

The Navy is the vredominant user of the turnkey 
concept for family housing among the military services 
and the request for proposals used as a basis for this 
paper is the most current form of the request. The Air 
Force has used the turnkey concept to procure family hous- 
ing at Lowry Air Force Base in Denver but it was not 
used as the basis of this study because it was the first 
experience the Air Force had with the concept. The ver- 
sonnel involved in the Lowry project felt that due to 
their lack of exverience with managing turnkey construc- 
tion it was not a typdical turnkey project and recommended 
the Navy procedures as more representative of the state 


ei the aes 


“Private communication with Rod Gambrell, Housing 
Construction Administrator, DCE, USAF Shevard Air Force 
Base, Texas, January 14, 1975. 





GAAPTERWITL 


THE CONTRACTOR'S POSITION 


Under the competitive contract all bidders are 
estimating from the same plans and specifications and 
with the knowledge that award will be made to the con- 
tractor with the low bid. The contractors’ main problems 
during the bidding process are involved in determining th 
lowest material prices and estimating the man hours 
required for construction, usually straightforward tasks. 
The major decisions generally involve establishing over- 
head and profit percentages to apply to the direct and 
indirect costs. 

Since the turnkey concept requires the contractor 
to be both designer and builder, the decision process 
becomes more involved than it is for competitive bidding. 
However, since much of the civilian housing is built by 
housing developers wno both design and build, albeit 
perhavs with subcontracting major portions of the work, 
it is not an entirely unfamiliar situation. The developer 
in the civilian market is often competing with other 
developers, not for the right to build a project but to 
meave Nis umdis sell or rent in the face of competition. 
To improve his chances of success, he can conduct market 


surveys to determine the preferences of the clientele he 





desires to attract and may take considerable time in 
reaching decisions without affecting his chances for 
success. Even without any of this he may still be 
successful if demand simply exceeds supply. 

Under tne Navy turnkey concept, proposers are 
operating under somewhat different guidelines than nor- 
mally associated with housing developments and these do 
impact on the proposer's chances of success. Specific 
areas include the foilowing. 

A. Duration of time to prepare proposals is limi- 
ted. Sixty-four calendar days were allowed 
for the 590C-unit project considered. 

8. Statutory limitations regarding the maximum 
amount spent on any one unit must be complied 
With [hi smupmer ldmit is s40m>00hi neliading 
a prorated share of site development costs. 

C. Statutory size limitations regarding the mini- 
mum and maximum allowable square footage per 
unit must be complied with. These square 
footages vary in increments with the pay grade 
of the military member the project is designed 
to house. The senior personnel rate more 
square footage per unit than junior personnel. 

D. The evaluation criteria coupled with design 
criteria may dictate the construction of units 
with significantly different features than 


those that have proven to be required for a 





project to be commercially successful. Two 
examples of commercial features not accepted 
by the Navy are the community swimming pool 
and carpeting on the floors. 

The prospective proposer is therefore faced with 
the problem of coming up with both a site development plan 
and the design of individual units within a short period 
of time that will satisfy a new set of cost and size 
restrictions. In addition, the design must include fea- 
tures not necessarily selected to attract a certain seg- 
ment of the home buying vublic but to impress an evalua- 
tion board of professional engineers and architects not 
normally involved in the housing field. The evaluation 
guide provided in the request for proposals does not sig- 
nificantly aid in the solution of the problems since it 
does not provide the relative weights of the various fea- 
PEes . 

Other than the general statement about the relative 
order of the major features contained in the evaluation 
guide the importance of specific features and the points 
for individual features are not public knowledge. There 
have been efforts made by individual contractors to 
obtain additional information about the evaluation proce- 
dure used by the Navy citing the "truth in negotiations" 


clauses in the ASPR as the basis for these appeals but 





these have been eeilacend. = 


*private communication with Yates P. Boswell, 
Family Housing Specialist, Naval Facilities Engineering 
Command, Washington, D. C., November 1, 1974. 





CHAPTER III 
AN APPROACH TO THE PROBLEM 


The problem is to select a slate of features to 
incorporate in the design of the homes that will maximize 
tne vrobability of award while staying within the cost 
constraint. While develovers regularly analyze the 
advantages of various features in the design of private 
housing, the decision generally depends on whether or not 
it will help sell tne house to the buying public. 

In turnkey housing the evaluation is done by 
professional engineers and architects who will vresumably 
put more emphasis on design and engineering features that 
increase the livability and maintainability of both the 
individual dwelling unit and the community as a whole 
over a long veriod of time. This necessitates the devel- 
opment of a scoring system to aid in evaluating each 
individual feature. The scoring system must balance the 
weight given to those features and amenities that make 
private housing developments attractive to the house 
buying public and the engineering and design aspects 
that professional engineers and architects are concerned 
with. Since the scoring system is intended to equalize 
the weight given to the two differing needs, it should 


be expected that the resulting mix of features will 
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contain less amenities than civilian housing in the same 
price range but some upgraded engineering features. 

One method of determining the mix of features would 
be an iterative process of designing with a set of fea- 
tures, estimating the cost and adding or dropping fea- 
tures to either satisfy the cost constraint or increase 
the evaluation score. This is not a practical solution 
Since time to prepare the proposal is limited and it 
involves a substantial expenditure of design funds with 
limited cnance of return. The Navy historically estimates 
that the cost of finished design will be about six per 
cent of the construction cost and a preliminary estimate 
and design, which approximates the provosal submittal, 
will cost between one and two per cent of the construction 
eost.° Since a housing development usually contains only 
a few different structures constructed repetitively, the 
design cost is usually less than this percentage. 

Assuming the one per cent figure for developing a proposal, 
it would result im a cost of $141,250 for the San Diego 
Project. According to the Navy Resident Officer in 

Charge of Construction at San Diego, the proposers 


estimated they spent between $40,000 and $50,000 


OxSPR REG. 3 TITLE 10, U.S.C. 2202 18-306.2. 
me 13:13. 





developing proposals. ’ 


A more efficient method for determining the mix of 
features is to define each feature and its associated 
evaluation score and cost in sufficient detail to permit 
a mathematical solution that maximizes the evaluation 
score while staying within the cost constraint. Relying 
on amathematical model requires the development of under- 
lying assumptions and the results evaluated in light of 
the assumptions. 

The assumptions underlying the proposed solution 
are as follows: 

A. An analysis of the design features commonly 

included in Drivate housing developments in the 
Same general geogranhical area and price range 
as the proposed military project correlate to 
the features desired by the evaluation board. 
If this were not true, there is no rationale 
foumusinge turkey since it would indicate the 
military desires housing substantially differ- 
ent from civilian housing and this would only 
be obtained by a military design contract. 

B. The military has some firm ideas on certain 

design features and engineering aspects that 


must be incorporated in the design. These 


private conversation with Commander Allen P. 
Beoene, CXC USN, Resident Officer in Charge of Construc- 
tion, Western Division, Naval Facilities Engineering 
Command, San Diego, California, June 4, 1975. 
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are spelled out in the specification portion 
of the request for proposals and takes several 
forms, including the specific exclusion of 
materials permitted by the HUD criteria such 
as wood shake or wood shingle roofs; the 
specific inclusion of certain features such 

as kitchen exhausts vented to the outside and 
the modification of HUD criteria such as 
specifying minimum room dimensions rather than 
minimum room size in square footage. 

Tne military will put more importance on 
engineering and specification aspects of the 
design than the home buying public. This is 
implicit in the composition of the evaluation 
board. 

There are certain areas of the design and 
engineering phase of the proposal that are not 
directly related to cost. Certain features 
that are desired and will aid in evaluation 
will not necessarily increase vroject cost. 
Examples of this include tne placement of units 
to provide clustering of units to provide open 
space, variation of structure appearance and 
vreservation of natural features. 

It is assumed that a provoser has an architect 
and engineering team capable of designing the 


project to maximize the "no cost" features, 
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SuchmaSsmUMmmliiy andySitse work,  Lnel9/0 the 
author worked in quantity takeoff and estimat- 
ing for a site work and utility contractor who 
was asked to furnish a quote for all site work 
and utilities (all work outside the five foot 
line from each dwelling) for a development of 
300 housing units for the Air Force at Wright 
Petterson Air Force Base. The project was 
being procured under the two step contracting 
procedure and four of the five contractors 
involved in the second step requested a quote 
based on their set of plans. Each set 
included the same basic design features, 
curvilinear streets, sidewalks, landscaping, 
etc. and presumably each would have zgenerated 
about the same number of points if evaluated, 
however, the range in efficiency in design, 
basically length of roadways and utility runs 
resulted in a range of quotes from about 

SCO MeCOUMboOmover lo OUCnOCO. Since cost 1s 
not the determining factor, efficient design of 
standard features is necessary to make funds 
available for additional "cost" features. 

The contractor either has or can estimate the 
cost of each possible feature on a unit basis 
such that the sum of the parts is equal to the 


whole. Since the approach includes 
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consideration of all the cost evaluation fea- 

tures to obtain the maximum evaluation score 

while satistying the cost constraint, it is 

essential to have identifiable cost data which 

may be added to achieve a total price. 

The proposed solution consists of developing a 

Scoring system for each feature and adding the features to 
obtain the maximum score while staying within the cost 


constraint and satisfying the design criteria. 





CHAPTER IV 
SCORING AND THE LINEAR PROGRAM 


The problem of assigning a value for each possible 
feature that approximates the Navy's scoring system is 
difficult; however, a scoring procedure can be developed 
that will lead to the assignment of a numerical value to 
each evaluation feature. This procedure is based on a 
scoring model developed by Dean and Nishry for evaluating 
and selecting engineering projects. = A review of opera- 
tions research journals did not yield any more recent 
scoring models which address the scoring problem as 
directly. A unique feature of the Dean and Nishry model 
is the incorporation of the knowledge and experience of 
the engineering and construction personnel in determining 
factors, weights and values. 

The methodology used to determine a feature's value 
can be summarized in the flow diagram of Figure 1 and is 
explained in detail as follows: 

A. Review the evaluation manual portion of the 


request for proposals to determine cost and 


3 4 ° ° e 

Burton V. Dean and Meir J. Nishry, "Scoring and 
Profitability Models for Evaluating and Selecting Eneineer- 
ing Projects,'' Operations Research, 13 No. 4 (Jul.-Aug., 


1965), pn. 550-569. 








PeeGURE 1 


DEVELOPMENT OF THE SCORING SYSTEM 


A. Review Features 
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H. Calculate Weighted Evaluation Score 
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no cost features. 

A condensation of the evaluation manual 
for the San Diego Project studied is included 
as Appendix A. Each aspect of design and 
construction in this manual must be reviewed 
and a determination made to whether it is a 
cost or no cost feature. The determinations 
used in this paver are included in Appendix B. 
Subdivide each cost feature into vossible 
alternates. 

In many cases the evaluation manual 
includes the logical subdivision of features 
into alternatives; in other instances it can be 
based on a knowledge of construction. 

Cross check the design and evaluation criteria. 

The list of cost features must be checked 
against the latest HUD minimum vroperty stan- 
dards and the design/construction criteria 
portion of the request for proposals. Since 
the evaluation manual and KUD standards are 
generalized to cover the entire country, there 
probably will not be conflicts with the HUD 
criteria. The design/construction criteria is 
generally more restrictive than the HUD cri- 
teria since it is for a svecific project in a 
svecific location and frequently results in 


eliminating alternatives from further 





1, 


consideration. Exampvles given in the previous 
chapter included wood shake roofs and exhaust 
fans. 

D. Review the alternatives within an evaluation 
feature and assign a numerical value to each 
alternative. 

Determining a rationale for establishing 
the range of these numerical values is a criti- 
cal vart of the scoring system. Dean recom- 
mends that the range be based on an analysis 
of the alternatives to determine the number of 
distinct values experienced personnel could 
assign recognizing that different alternatives 
could have the same value.” The range selected 
is 0 (least favorable) to 5 (most favorable) 
which varies from Dean's 1 to 5 range slightly. 
The procedure followed was to list the accept- 
able alternatives for each feature including 
the minimum acceptable in descending order of 
desirability. Since this will vary with the 
professional background of the evaluator, it 
is possible for different listings to result. 
The range of 6 worked quite well with most 
features having four or five aiternatives and 
only a few with one alternative to the minimum 
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standard. Each alternative was then assigned 
a numerical value from 5 through 1 to reflect 
its desirability over the standard which has 
the value zero. 

E. Survey new civilian housing developments with 
the same general composition. 

The survey should be restricted to the 
Same geographical area as the proposed project 
and the developments surveved should be aimed 
at approximately the same demographical group. 
Each cost evaluation feature should be surveyed 
and tne results tabulated to find the mix of 
evaluation alternatives included in current 
designs. 

F. Convert the survey results into weighting 
factors. 

Dean and Nishry determined their weight- 
ing factors by using experts to rank-order the 
various factors in the absence of historical 
diesen, Since the survey results are histor- 
ical data, they can be used as weighting fac- 
tors. The scale used is as follows: 


ao oeen amas Nishey, 0. doo- 


L 
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Percentage of Time 
EVvVealuatlon 
Alternative Occurred 


Maovteipiacatrion 
aeewen ene ba 


30-100 
60-79 
40-59 
T= 3 
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G. Engineering weighting factor. 
The survey results are biased in favor of 
design over engineering features because the 
homes surveyed were designed for sale to pri- 
vate individuals not professional engineers. 
to shift the evaluation scores back toward the 
engineering aspects desired by the evaluation 
board, a weighting factor must be applied to 
the alternatives for engineering features. The 


following conversion scale was used. 


Alternative Value | Weighting Factor 
for Engineering 


5 i o00 
4 ies Ys) 
3 2250 
2 LS 
d. ibe, 


EK. Obtain the weighted evaluation score for each 
alternative. 


the following equation is used: 





JJ 


Alternative value x survey multiplication 
factor x engineering weighting factor. 
The weighted evaluation scores are listed 
in Appendix E. 

The problem can be put in mathematical form once 
the weighted evaluation scores and unit cost data are 
completed. The problem is assumed to be linear even 
though the repetitive construction of essentially similar 
units is non-linear due to the learning curve effect dis- 
cussed by Ostwald and Parker and Olecs by - The 
linearity assumption is justified by basing the cost data 
not on an individual unit but the average of the entire 
project. 

Since the problem is one of obtaining the highest 
possible evaluation score within linear cost and design 
constraints, overations research teachniques for solving 


linear problems may be used. The problem is one of maxi- 


mization and may be put in the form: © 


n 
Maximize Pak C.x, 






i hg lg ae 
Philip F. Ostwald, Cost Estimating for Engineer- 
ing and Management (Englewood Cliffs, New Jersey: Pren- 
m@ee-Hall, Inc., 1974), p. 271. 


tevenry W. Parker and Clarkson A. Olgesby, ‘tfethods 


imorovemene for Construction Managers (New York: IlMcGraw- 
TIT 197 2), oo Le. 
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° at e mae 
Subject to ;=1 Ay 5X5 SB, [5O ee leas 1 
Where C. = weighted value of alterna- 
tive X. 
J 
Aa; = coefficient of alternative 


A. inmeeconstraint row 1 
Bs = constraint in row 1 

To this problem must be added the additional con- 
straint that all variables take on only integer values; 
that is an alternative must either be included or 
excluded from a particular dwelling unit since functional 
answers are meaningless. This additional constraint con- 
plicates the solution procedure significantlv. As dis- 
cussed by Wagrer rounding off fractional values either up 
or down does not necessarily yield tne optimal integer 


IES 14 


solution. Fis example illustrates the problen. 
The optimal non-integer solution to the problem 
“ . <7 7 
plaximiLzZe 21x, + Ilx, 
Subject to 7X, ar 4k, = 13 
5 = 
or Xo ae() 
is X, = | 6/7n Xo = QO with a maximum value of 39. The 


addition of an integer constraint to the same problem 


changes the solution set to Xy = Q, Ko = 3 with a maximum 


lus ieee 
Panvey Ti Waener,rrincioles of Operations 
Research with Applications to Managerial Decisions (Engle- 


PeeerClittsy Wew Jersey: Prentice-Hall, Inc. 1969), p. 
448. 


Pope. @. 463. 
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value of 33. 

The addition of the integer constraint to the maxi- 
mization problem restricts the solution techniques that 
will solve the general problem. There are two classes of 
integer vroblems: the general problem in which a variable 
may take any integer value and a specialized case in which 
a variable is restricted to either a value of zero or one. 
The specialized zero-one problem may be solved by a wider 
range of techniques than the general case and is there- 
fore the preferred form. > 

The turnkey housing project may be formulated 
either as a zero-one problem or one with a range of inte- 
ger values depending on the degree of similarity or 
uniformity of features required between units. The 
approach taken in tne paper is the zero-one problen. 

While there is no strict requirement to include identical 
features in all units of the same size, it is vreferred by 
the Navy because it eases maintenance and eliminates a 
possible source of friction with occupants whose units 
have the fewest amenities. A project that included units 
for several different pay grades and therefore had dif- 
ferent square foot and dollar limitations on units with 
the same bedroom size might be formulated more efficiently 
by permitting a range of integer values. 

The solution technique chosen to solve the problem 


aki D480. 





n 
Maximize Sa (Cee 
j) = 1 ss) 
n 
; — —— 
SUDIeCetu EC eas Aj jks = By Oi qi 5 Ra oar cs 
And hee 20 com i FOL) = le 


pain 
utilizes the BALAS or vartial (imovlicit) enumeration 
algorithm. The objective function includes the weighted 
evaluation score of all possible alternatives and the 
constraints include a long row with the costs of each 
alternative and shorter rows reflecting the various 


evaluation features and the design criteria. 





CHAPTER V 


TRE HOUSING SURVEY AND UNIT COST DATA 


The survey of the civilian housing develo»oments 
follows the subdivision of the cost features into the 
various alternatives as discussed in Chapter IV. Since 
the results of tnis survey are a major factor in deter- 
Mining weighted evaluation vaiues, a rationale must be 
developed for selecting proiects for inclusion in the 
survey to minimize biasing the results. 

The considerations should include the tyve housing 
desired, single, dunlex, town house, etc.; the average 
cost per unit and tne unit sizes in terms of bedroons. 

A rationale can be made for restricting the survey to 
rental apartments since the Navy acts as a landlord vro- 
Tiewme Weusing mieludinewall utilities prpubliewservices 
and maintenance but excluding telephone for a fixed 
monthly rate. This monthly rate is the service members' 
pay allowance for quarters and depends solely on vay 
erade, not tne size or features of the unit. The survey 
mas nol included rental units, vjowever, for several 
reasons. While both the Navy and civilian landlord are 
concerned with the maintainability of a project, the 
developer of rental units is vrimarily concerned witn 


a@tiactina occubDants atwe rental rate that yields a profit 
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while the Navy is not concerned with profits and is not 
ierecmluy competing for occupants. In addition, the 
majority of apartments are designed for unmarried per- 
sonnel, young couples with few, if any children, or older 
couDdles with no children at home. As a result most 
apartment developments have predominately two or less 
bedrooms per unit and little in the way of recreation 


£ lities for school age children. In contrast, military 


cm 


ac 
family housing is nearlv always built for families with 
several children with nearly an even split between three 
and four bedroom units. 

The survey initially was restricted to town nouse 
Undtsefomesaie with a price between $25,000 and $35,000 
to approximate the housing specified for the San Diego 
Project. Each unit had a street level entrance and 
several living levels. AI1l shared some common walls witna 
other units but were not directly above or below another 
living unit. After surveying several town house develop- 
ments, it became apparent that the target population for 
the town houses surveyed was not tne same as the military 
housing project. In general, the town houses were 
designed to attract young families with no more than two 
children of preschool age or older couples without 
cnildren. Sales personnel at the develooments explained 
tnat the extra bedrooms in the three and four bedroom 
units were envisioned as being used for guest rooms, 


sewing rooms or dens. This was evident in both the 
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overall size, which was less than that required by the 
Navy and the small size of individual rooms. For example, 
the four bedroom units at Madison Hill had a dining room 
approximately eight feet square, scarcely large enough 
for a table for four when the Navv would expect a family 
of at least five in a four bedroom unit. 

Since the floor plans used for the town house pro- 
jects would not be acceptable for the turnkey vroject, 
some single family dwelling unit cevelonments were 
included in the survey in an attempt to obtain floor 
plans that would fit tne square foot criteria and be 
designed for the same market population as the military 
newSsin es project 

Initially the survey was limited to those features 
included in the base price of the unit surveyed. Since 
the majority of the units sold included some options the 
survey was modified to incluce the most popular options. 
This generally included firenlaces, ungraded flooring 
materials, an extra bath or finished family room. 

The finisned survey, the results of which are 
listed in Appendix D, included four town house develop- 
ments, five single family developments and one patio home 
Droject. the latter is a concept»that combines the common 
land features associated with town house develooments with 
the vrivacy of a single family house. This is done by 
placing tne home on one corner of a lot typically 49 foot 


by 60 foot and placing neighboring homes and fences such 
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that the lot is walled in and provides a private back and 
side yard. All other land including that in front of 
homes is common land and maintained by the developer. 
During the survey several of the evaluation item 
alternatives were modified to more closely reflect the 
combinations of materials found in use. Those included 
interior doors and insulation material thickness. 
Certain items reauired by the specifications were 
neither standard or an option on any of the units sur- 
veyed. Tnis occurred witn kitchen exhaust fans where 
the alternatives were a range hood with exhaust fan or 
an exhaust fan, both vented to the outside. All units 
surveyed had range hoods vented into the kitchen work 


16 A survey 


area wnich is permissible under HUD criteria. 
factor weight of one was used for alternatives with a 
percentage of occurrence of zero. The weighted values of 
the evaluation alternatives are listed in Appendix E. 

The cost estimating procedure used for this thesis 
differs from the construction industry practice to sin- 


pDlify the example. The price of each alternative for the 


weaerous eVvalWactlom teatures Was obtained from ''Means Cost 


1onuD Minimum vroverty standards for one and two 
mame ly dwellings, REG. 4900.1, Vol. l, 615-2.3, p. 6- 
i-3 (19/a)e 
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The price of the minimum design alternative was 
subtracted from each of the more desirable alternatives 
fo find the preacem@difrerence. Wit is these privce dittfer- 
ences that are used in the cost constraint and listed in 
Appendix C. In practice a contractor in the housing field 
with an accurate cost accounting system would have a large 
bank of cost data to use in determining price differences. 
A detailed estimate of material and labor would be 
required only for those alternatives not previously built 
on bid on. 

The request for pronosals includes the amount pro- 
grammed for award. For the San Diego Project this is 


ENS 000M Ger w5 0 OMUndnecwee 


Several steps are involved 
in converting this amount into the dollar amount for the 
cost constraint and are described below. The steps uti- 
lizing the city cost index can be eliminated if the cost 
data is from the same geographical area as the new pro- 
mect. 

1. Convert the amount for contract award into 

standard dollars. The city cost index for 


San Diego in Means Cost Data is 105. This 


Peduciccmene vametnt for award sto1Sl3,452,381 


L/ Robert See eons , Siaane sConstruction Cost Data 
1974, Ed. Robert S. Godfrey (32nd ed.; Duxbury, Massachu- 


setts: Robert Snow Means Company, Inc., 1974). 


sep eparement of the Navy, Naval Facilities Engi- 
neering Command, Reauest for Proposals to. NG2474-75-R- 
6010, December 30, 1974, 5. IC-2 
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standard dollars. 

Calculate the cost of constructing the approxi- 
mate mix of units using the minimum standard 
features. The basic square foot size for the 

3 and 4 bedroom units is 12090 and 1350 SF 
respectively, with 250 units of each. This 
equates to 637,000 SF in the project. Using 
Means Data for public housing projects and 
assuming the minimum standard would be about 
the 1/4 percentile, a price/SF of $17.45 is 
applicable. This includes building and site 
work, overhead, and profit but not land costs. 
Since the government provides the land for this 
project, there is no adjustment required for 
rand scOsto we lie ol/ aib/Se yields a paice of 
ieee oetor comstruction. 

Calculate the cost of design. The amount for 
award must be reduced by the estimated design 
cost to find the amount available for construc- 
tion. Because of the repetitive use of the 
building design in a housing development, the 
design fee for multi unit housing is generally 
less than six per cent; however, assuming a 
four ver cent fee reduces the amount for con- 
Seuuetron to S12, 934, 932. 

Calculate the amount available for evaluation 


Petite oe iaisoeds tine difference between the 
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eo oo oO etor CONSELUCEiOn and the $11,124,375 
for development meeting the minimum standards 
Gono, 610), 6072 

5. Convert the total available for evaluation fea- 
tures into an amount per dwelling unit. This 
is necessary to maintain uniformity with the 
unit price data used to simplify formulation 
of the problem. This results in an allowance 
De meUnAnimeOr wo3S 021.21 . 

The cost per square foot of the surveyed units must 
exceed the program cost ver square foot of the proposed 
units to insure the survey results indicate more desirabie 
alternatives than it is possible to obtain. The average 
cost of surveyed units after adjustment for land costs was 
$26.72 compared to the vrogram amount of $21.10 and 


fimimum standard of $17.45. 





CHAPTER VI 
Poot Geuhh MODEL 


The problem formulation discussion in Chapter IV 
listed the two cases of a range of integer values and the 
zero-one restricted form. The University of Colorado 
Computing Center Library contains three integer vrograms, 
two that are restricted to zero-one formulations and one 
that can solve either zero-one formulations or range of 
integer value problems. The latter program, titled 
ARRIBA, was selected for use with the model because of 
the increased flexibility it provides in problem formula- 


tek detailed discussion on the use of this program 


Anon . 
is contained in Appendix F. While the vrogram is dimen- 
sloned for a matrix of 190 rows by 100 columns including 
the objective function row and constraint column, it is 
restricted to solving problems that in formulation are 
about 50 rows by 100 columns. 

To conserve columns in formulating the problem, the 
differences between three and four bedroom units was 


Peat ecaein tie Caleuitation Of Unit cost data. That is, 


the cost data used were the average of the cost of an 


19 4 iv] 
R. E. Woolsey, Brady Holcolm and Peter Rvan, 
ARRIBA, an Ail-Inteper Procremmine System, Preliminary 
ieer Intormation Manual (Control Data Corp., 
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alternative for a three bedroom unit and a four bedroom 
unit. This procedure reduced the number of variables by 
about a hundred, down to the 205 various alternatives. 
The row formulation generally followed the division of 
features with the constraint that the solution must have 
exactly one alternative for each possible feature. In 
addition to the objective function and cost constraint 
which include all the variables, there are a few linking 
constraints to reflect the interrelationshiov of several 
of the features. Examples of these constraints are the 
relationship of the flooring system to the foundation 
system and location of a utility room in the basement with 
the foundation system. 

The problem size in practice might vary somewhat 
from the 50 rows, 206 columns used in the example due to 
differences in establisning alternatives and formulating 
constraints, but it is representative of the size and 
shape of the problem. It is recognized that the size of 
the problem precludes solving it as an entity at this 
time; however, it is felt that segmenting the vroblem can 
yield meaningful, if not optimum, results provided judg- 
ment is used in dividing the problem into segments. 

The cost constraint for evaluating the model was 
obtained by using the calculated unit cost data and the 
survey results to obtain a calculated average cost per 
feature. The sum of these costs, $5,696,188, represents 


the amount spent on alternatives for the average survey 
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house. If the entire problem was solved with this amount 
as the cost constraint, there should be a correlation 
between the solution and the survey results. The degree 
of correlation should provide a measure of the weighting 
factors used. If the weighting factors are accurate, 

the solution set for design factors should indicate alter- 
natives slightly lower than the survey results while the 
engineering factors should be slightly higher. 

Since the problem size exceeds the program capa- 
bility, a set of ten features, including four design and 
Six engineering features, was chosen for the model. the 
items chosen dealt with living accommodations, kitchens 
and bathrooms. The cost constraint was found by summing 
the unit cost-survey result averages for the selected 
features. The resulting size of the model problem was 


mZrows by 51 columns. 





CHAPTER VII 


INTERPRETING THE RESULTS AND SENSITIVITY ANALYSIS 


The model problem comprised of ten features with a 
total of fifty variables was first run with a computer 
time limit of T = 7. When it failed to yield a solution 
due to insufficient time the limit was increased to T = 
200, chosen to correspond to a maximum cost per run of 
approximately $100. When the computer again failed to 
reach a solution due to insufficient time the size of the 
problem was reduced to 45 variables by eliminating the 
kitchen sink as a feature being evaluated. The cost 
constraint was reduced by the average cost of this 
feature from the survey results. 

iment sWielne neo Lem=consisting of nine features, 
three dwelling unit design and six dwelling unit engineer- 
ing, included 45 variables and 190 constraint rows. This 
problem was small enough to be run within the time limit 
and yielded an optimal solution, that is the program ran 
to completion. As discussed in Appendix F the print out 
column for the objective function minimizes the sun 
of the variables not in the basic solution. The variables 
with the value of zero are those in the solution set and 


the true objective value is obtained by summing the 
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coefficients of these variables. 

Sensitivity testing was performed by varying the 
cost constraint. The initial plan was to test the model 
with the cost reduced by 20 per cent and then increased by 
20 per cent and comparing the results of these three runs 
with each other and with the survey results. 

Changing the cost constraint affects the operation 
of the program by changing the number of feasible solu- 
tions in the same direction as the change in cost con- 
straint. The plus 20 ver cent problem terminated because 
of time before reaching optimality and had to be rerun 
with more time allowed to obtain the optimum solution. 

The results of the survey and the model are shown 
in Tables 1 and 2. A comparison between the results of 
the survey and the average cost run shows some correlation 
with the major variation in the size of the bathrooms. 

The model indicated the lowest scoring alternative at a 
savings of $308 which was then used to upgrade four of 

the engineering features. This shift in emphasis is in 
accordance with weighting given to engineering features. 

Two features cannot be compared because the survey 
results indicated an alternative not acceptable under 
design criteria. These are the floor covering for the 
living areas and the kitchen exhaust fan. Some allowances 
should be made for this, possibly by converting the survey 
results to the acceptable alternative nearest the unaccept- 


eee alternative in cost. 





TABLE 1 


SUMMARY OF MODEL AND SURVEY RESULTS 


DWELLING UNIT DESIGN FACTORS 


Fireplace & Bookcase 

Fireplace 

Freestanding Fireplace & 
Bookcase 

Freestanding Fireplace 

Bookcase 

None 


Oryersize & Additional Bath 
Pegitional Bath 

Omensize Bath & Extras 
Oversize Bath 

me@ size & Number 


iemcesKitchen &e12 SF Extra 
Cabinet 

Large Kitchen & 6 SF Extra 
Cabinet 

Oversize» Kitchen 

mot Extra Cabinet 

oes reixexra Cabimet 

Beemcard Size Kitchen 


Solution Variable 
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259 
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464 
344 
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Survey Average 


Solution with -20% Cost 
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Solution with Average Cost 
Solution witeh +207 Cost 
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TABLE 2 


SUMMARY OF MODEL AND SURVEY RESULTS 


DWELLING UNIT ENGINEERING FACTORS 


Hardwood floor in living area 

Thick sheet vinyl in living 
area 

Std sheet vinyl in living area 

Vinyl tile in living area 

Thick vinyl asbestos tile 

Std vinyl asbestos tile 


Kitchen 

Sheet vinyl over 1/8" 
Sheet vinyl 1/16" io 
Vinyl tile over 1/16" 
Sheet vinyl 1/16" 

Panyl tile 1/16" 


Sepanets and Counters 

Good Grade/Ceramic Tile 
mea Grade/Ceramic Tile 
Good Grade/Upgrade Formica 
Std Grade/Upgrade Formica 
pea Grade/Std Formica 
Range hood, exterior exhaust 
mexmnaust fan 


Somution Variable 


24 
25 
26 
zy 
28 


aS, 
30 


a 
3) 


34 
5) 


9) 
\ 
wo 
r— 
0) i 
ri oO 
eis oy) fe) 
30) 4 
or oO io 
Hi .o) od 
34) ‘ep 
- cm) 
5S) a) 
& Vv O 
) LW ‘e) 
r ee 
aa) td Jey 
oO rd od 
a ) om 
Ay = =D, 
MOge oOo.) 2035 
GS 86.5 S65 
GO 4.75 FAB 
eo B25 445 
mie 2.0 61S 
Iie? 1.0 0 
i oes oes 30 
73 L2. 6 19 
Iya 3.25 16 
lL see? 8 
oe 1 0 0 
Wiyero. >. 1L3l 
ioe O..) 60 
Om? 25 . 34 
SO 52 0 i 
hoe 1. 0 0 
Poza 4.75 60 
ea 12:0 0 


survey Average 
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Solution with Average Cost 
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TABLE 2 (GONTINUED) 


Bathroom 

imerrazzo Floor 
Geramic tile Floor 
Sheet Vinyl Floor 
Vinyl Tile Floor 


Pieeretub Encl, 2 Vanity, 
ee oink 

yevanitey, Lre Sinks GeCounter 

2 Vanity, Lrg Counter 

2 Vanity 

1 Vanity 

Wall Hung 
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The comparison of the model results with three 
different cost constraints shows the expected increase 
in the score of the alternatives selected. Increasing the 
cost constraint by 20 per cent had a significant impact on 
the results, adding an additional bath and selecting lower 
ranking alternatives for three other features. 

This trade off aspect snould be expected and is 
typical of the linear optimization process where the 
optimum solution may change significantly with the change 
in a single constraint. 

As mentioned earlier the number of iterations 
performed, and hence cost, increases with the number of 


feasible solutions. This is illustrated by the following 


results. 
Cost Iterations Objective Objective Program 
Constraint Required Cost Value Cost 
m2). L6b Fo, Ua» dee Kot OLe 7) SAO 3 Ome 
535". O95 B4es6 PAS2e U0 iS), Se Grey 9 
1840. 674 Deleaaic IEE SS 0) Oe 87.00 297 DS 


It should be remembered that the model included only 
approximately one-fouth of the total variables and the 
number of possible iterations is 2 to the power of the 


mumper of variables. 





CrAraE Sh Vilvi 
ANALYSIS AND COMMENT 


The subdivisions in the evaluation manual on 
dwelling unit engineering and specifications make it 
difficult to apply a weighting factor. While the subdi- 
visions in the other three sections facilitate the evalua- 
tion of the trade offs being made between evaluation 
items in each section, the range of the dwelling unit 
engineering factors makes this comparison difficult. 

As an example the evaluation items for the design of the 
dwelling unit generally deal with space allocation and 
amenities. On the other hand, the engineering items for 
the unit range in scope from basic structural aspects 
including foundation and roof design to the quality of 

the closet doors and kitchen sinks, relatively minor items 
when compared to the structural aspects. This might be 
alleviated by the Navy establishing a fifth division deal- 
ing with finishes, limiting the engineering division to 
engineering aspects and assigning the division on finishes 
a relative ranking among the present four divisions. 

One of the justifications for the turnkey approacn 
1s to utilize the expertise of professional developers 
and the use of the HUD criteria facilitates this. How- 


ever, the design modifications established by the Navy 
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preclude the use of most standard designs. This is due 
primarily to the Navy practice of establishing minimum 
room dimensions when the HUD criteria is in terms of 
square feet, generally larger than the square of the 
Navy's minimum dimension, and minimum dimensions smaller 
than the Navy criteria. While all ten developments sur- 
veyed satisfied the HUD criteria, the bedrooms in only 
three developments met the Navy criteria and only one of 
those had a dining room that met criteria. The floor plan 
for that unit was unacceptable because the net square 
footage exceeded the maximum allowable. 

In view of the Navy's obligation to the taxpayers 
to obtain durable housing some variations from the HUD 
criteria may be justified; however, these should be 
clearly to improve durability and not preclude the use of 
commercially successful designs. Elimination by the Navy 
of restrictive design criteria to permit the use of 
standard designs should lower proposal development costs 
and encourage the submittal of proposals by a larger 
number of developers. 

Research for this paper did not include the back- 
ground on the development of the scoring system by the 
Navy. This was not considered germane since the contrac- 
tor's problem is to work from the information included in 
the request for proposals. It is doubtful however that 
the operations research techniques discussed in this paper 


were utilized in the development of the Navy evaluation 
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scoring system. 

Based on the experience with the model in this 
paper, it is believed that the Navy personnel responsible 
for developing the scoring system could utilize maximiza- 
tion techniques to evaluate the scoring system and modify 
it as necessary to obtain better housing within the cost 
constraints. The integer scoring model facilitates the 
comparison of score value per alternative to unit cost 
data. The cost data used should be that furnished with 
the preliminary engineering submittal developed for 
submittal to Congress as justification for the project. 
solving a problem witn these cost data and the standard 
evaluation scores would indicate the features that would 
be included in the ontimum design. If this mix were not 
what the Navy desired in terms of durability and maintain- 
ability, the scores for particular alternatives could be 
varied until the desired mix were obtained. Use of this 
modified scoring system should improve the chances of 
obtaining a design with the desired compromise on design 
and engineering features because it is based on the pro- 


gram funds for the particular project being evaluated. 





CHAPTER IX 
CONCLUSIONS 


The problem consisted of developing a model to 
aid private developers in determining the mix of features 
to include in the design of a turnkey housing project 
for the Navy. The design criteria is essentially the 
HUD minimum property standards with some modifications 
included in the request for proposals. The evaluation 
manual provided developers lists the items to be evaluated 
but not their respective weights. The evaluation features 
must be subdivided into acceptable alternatives and a 
value assigned each alternative. A scale of 0 to 6 was 
used for this. Since a goal of the turnkey concept is 
to obtain the exvertise of the private developer a survey 
was made of new, private housing developments of generally 
Similar composition to determine the alternatives built 
commercially. These results were converted into a weight- 
ing scale of from 1 to 5 and applied to the alternative 
values. Tne last part of the scoring system consisted of 
a weighting factor in favor of engineering factors over 
design factors. This was applied to equalize the bias 
in the survey resulting from surveying housing designed 
to appeal to non-engineers and the composition of the 


evaluation board who are all engineers or architects. 
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A unit price for each alternative was calculated 
from standard unit cost data and an integer linear bvro- 
gramming model constructed. This model was designed to 
Maximize the evaluation score while satisfying a cost 
constraint for the project and a constraint that one 
alternative for each feature must be in the solution set. 

The integer program "ARRIBA" was selected for solv- 
ing the model because of its flexibility to solve problems 
by different algorithms. | The program is limited however 
to a problem with approximately 50 rows and 100 columns 
and the model has 50 rows and 206 columns. A section of 
this model with 1l rows and 46 columns was chosen to test 
the scoring system and to compare the results with the 
Survey. Sensitivity testing was done by varying the cost 
constraint to evaluate the variables entering the basis. 

The results of the test generally correlated to 
the survey results however the scoring system appeared to 
be a little too heavily weighted in favor of engineering 
features over design features. It is recommended that 
additional sensitivity analysis be performed on the 


various aspects of the scoring system. 


ta. E. Woolsey, Brady Holcolm and Peter Ryan, 


Piciba AnwAll-integer Programmine System (Control Data 
Sorporation, 1969). 
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APPENDIX A 


CONDENSATION OF THE NAVY'S TECHNICAL 


EVALUATION MANUAL FOR TURNKEY HOUSING 


This appendix is a condensation of the technical evaluation 
section of the San Diego turnkey housing request for proposals. 
While referred to in the project specifications as an evaluation 
Manual, the evaluation criteria can be modified by the engineering 
field division requesting the proposal. The major areas of evalua- 
tion have been established by the Department and Defense and in order 
of decreasing importance are as follows: 

(1) Dwelling Unit Design 

(2) Dwelling Unit Engineering and Specifications 

(3) Site Design 

(4) Site Engineering 
im oi tesDesign 

This section includes overall planning layout, design and 
development of the housing site, exclusive of utility systems. It 
includes community appearance, compatibility of grounds and build- 
ings, functionality, dignity and livability. 

A. Site Utilization and Development 
Includes street and block pattern, clustering of units, 
variation of structure appearance, structure orientation, buffering 
from heavy traffic and the provision of open spaces. 
Be Sl tem@integ ration 
Includes the physical flow and relationship between the site 


and surrounding region. Aspects include the perservation of desirable 
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natural features, and compatability with the surrounding environment. 
C. Vehicular Circulation 
Includes the relationship of primary, secondary and feeder 
streets with regard to access to individual units and overall traffic 
flow. Considerations include the usability by service vehicles such 
as maintenance and trash collection trucks, moving vans and emergency 
vehicles. 
De Parking 
A minimum of two spaces must be provided per dwelling unit 
and will be evaluated for proximity to the unit. The parking layout 
should not require backing into primary streets and minimize con- 
flicts between cars entering and leaving common use parking areas. 
E. Pedestrian Circulation 
The walkway system must be integrated with the street system 
to provide a convenient, safe pedestrian circulation system. The 
System should provide short, direct access from the fronts of units 
to other units and clusters. Parking areas should be directly con- 
nected to the structure served. Walkways should provide convenient 
routing to recreation areas, community buildings and tot lots, with 
the latter accessible without crossing primary or secondary streets. 
Walkways should provide convenient routing to schools or school bus 
stops while minimizing crossings of primary or secondary streets. 
F, Landscaping 
This includes all considerations of location, quantity and 
quality of trees, shrubs and other plantings but excludes grass and/ 
or ground cover. It includes the aesthetic effect of site grading, 


placement of trees and shrubs to provide privacy or shield service 
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areas, decorative plantings to enhance the appearance of structures 
and the community. Included is the maintainability of both land- 
scaping growth and ground cover. 
G. Recreation Areas 
This includes major recreation areas with a minimum dimension 
of 50 feet and minimum size of 10,000 square feet, playgrounds approx- 
imately 600 to 2500 sq. ft. and tot lots of about 2,000 sq. ft. At 
least one major recreation area must be provided for every 100 units 
and these may be grouped to provide large open areas for team sports. 
At least one playground or tot lot shall be provided for every 25 
dwelling units and should include suitable quantities and types of 
playground equipment. 
II. Site Engineering 
This section includes the quality of materials and engineering 
aspects of operation and maintenance. tility systems are to be 
evaluated up to the five foot line of housing units. 
A. Electrical Distribution System 
Includes waluation of design and specifications as well as 
aesthetics of underground and above ground systems. 
B. Water Distribution System 
Includes the quality and suitability of pipes and valves 
as well as layout design. 
C. Sanitary Sewer System 
Includes the type and quality of pipe and design and 
layout of the system. 
D. Storm Drainage Svstem 


oa ce ee ech — Mie ene” eciaea 


Includes grading for surface runoff, the negative aspects of 
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open ditches and the layout and specification of a buried piping 
system. 


E. Gas Distribution System 


Includes layout and specification of the system. 
F. Outdoor Lighting 
Includes street and off-street walkway lighting and area 
lighting of parking and recreation areas. Considerations include the 
quality, spacing and intensity of lights. 
G.wilaster TVeAntenna System 
Includes the performance of the system and the appearance of 
the antenna and distribution system. 
Howstreety system 
Includes the quality of the base and wearing surface, 
gradients of slopes and effective width of the streets. 
I. Parking and Driveways 
Includes the quality of the base and wearing surface and 
the width of the driveways. 
J. Walkways 
Includes the quality of construction and width of walks. 
K. Ground Cover, Irrigation and Soil Treatment 
Includes provision of topsoil, fertilizer, grass seed or sod 
and provisions for watering. 
L. Fire Protection 
Ber. Dwelling Unit Design 
This section deals with the planning and design of the dwelling 
units as opposed to the durability of the material and engineering 


considerations. This includes the usability of the house by people, 





54 


the relationship of the house with outdoor family activities, the 
aesthetics of the housing unit and the amenities associated with 
livability. 
A. Dwelling Unit Type 
Includes single or duplex units, row or townhouses and two 
story apartments. 
B. Net Floor Area 
Requires deducting points for units with less than the basic 
net area specified. 
C. Exterior Appearance 
Includes the viaul effect of roof lines, entrances, garages, 
and fenestration as well as the relationship of units to each other 
and shadow effects. 
D. Outdoor/Indoor Integration 
Includes the layout of facilities within the unit which 
enhance indoor/outdoor living such as patios, screen porches, vistas, 
and privacy fences. 
E. Sborage 
Includes exterior and interior bulk storage as well as closets 
with consideration given to size, convenience of location and usa- 
bility of shape, shelves, etc. 
Po Vebiehemmonac e 
Includes size only in terms of capacity for one or two cars. 
Considerations include attachment or proximity to living units of 
covered walkways leading to units. Consideration is given to the 
type of facility, garage, carport or separate group parking structure 


and climatic conditions. Additional storage space in garages is 
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included under storage. 
G. Functional Arrangement 
Includes the relationship between living, food handling, 
sleeping and bathing areas and the detailed floor plan. Room layouts 
are considered for furnishability, furniture movement and traffic 
flow. The expected family size of each unit must be considered in 
determining room sizes, functional layout and traffic pattern. 
H. Living 
Includes principal and secondary living and dining areas, that 
is, living room, family room, and dining area. Includes convenience 
elements such as light switches, TV antenna outlets and amenities 
such as fireplaces and built-in book cases. 
i, Sleeping 
Includes furnishability and size with points given for area 
and/or dimensions exceeding the specified minimum. Consideration 
given to both visual and acoustic privacy. 
J. Bathing 
Since the number, minimum size and required fixtures is 
specified in the request for proposals, this section includes the 
number and/or size exceeding the minimum, built-in furnishing, 
layout and both visual and acoustic privacy. 
K. Food Handling 
Includes interior layout to promote work efficiency and 
pedestrian and product circulation as well as amount of counter 
space, location and amount of shelving and closet storage, overall 


room size is considered with regard to its effect on efficiency. 
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L. Utility and Work Areas 


Includes provisions for occupant furnished washer and dryer 
and location to other work areas. Consideration given for areas 
suitable for ironing and/or light hobby work and other storage 
facilities. The location of laundry equipment in a powder room on 
the first floor or anywhere on the second floor is considered 
undesirable. 

IV. Dwelling Unit Engineering and Specifications 

This section includes the evaluation of the quality of con- 
struction materials and the technical adequacy of the engineering 
features and product specifications. 

A. Foundation System 

Includes the type of foundation system, slab-on-grade, peri- 
meter wall (crawl space) and basement as well as the quality of 
Materials and construction details. Elements considered include slab 
and wall thickness, reinforcing, moisture and vapor barriers, insula- 
tion and ventilation. 

Be leorime System 

Includes the type of floor system and finish flooring material 
for areas other than kitchen and bath. Types of systems includes 
slab-on-grade, reinforced concrete floors, wood frame and subfloors, 
steel frame-wood subfloor and steel frame-concrete subfloor. Types of 
finish flooring includes hardwood, vinyl, cork and vinyl asbestos. 

C. Exterior Walls 

Includes the type construction, reinforced concrete, masonry, 

steel frame and wood frame; type and quantity of insulation; type 


Sheathing, plywood, wood boards, fiber board and gypsum; and type 
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finish. The latter includes the full range of commercial products 
covering masonry, wood, wood base, mineral and aluminum. 


D. Interior Walls and Ceilings 


Includes wall and ceiling construction and finish. 
E. Roof System 

Includes the structural and quality factors, including mainta- 
nance considerations. The roof system is defined to include framing, 
sheathing, roofing, flashing gutters and downspouts. 

F. Windows and Window Coverings 

Includes the material, quality, type and size of the windows 
with emphasis on durability, operability and maintainability. This 
includes windows, screens, storm sash, window hardware, traverse 
rods, curtain rods and window coverings. 

G. Doors (Including Hardware) 

Includes both interior and exterior doors of all types and 
styles. Consideration given to quality of material, hardware and 
durability of finishes. 

H. Kitchens 

Includes the features, materials, equipment and finishes 
being provided and the durability and maintainability of those items. 
This includes flooring material, cabinets, countertops, sinks, sink 
fixtures and exhaust fans and hoods. 

I. Bathrooms 

Includes the type, quality and durability of fixtures, acces- 
sories and features. This includes flooring material, wainscots, 
lavatory, vanity, water closet, tubs, showers, medicine cabinets, 


exhaust fans, heat lamp and accessories. 
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J. Interior Plumbing System 
Includes the water piping system and material and the drain, 
waste and vent system and material. 
K. Interior Electrical System 
Includes the wiring, circuit breaker, switches and fixtures. 
L. Heating, Ventilation, and Air Conditioning 
Includes equipment, accessories and duct work. 
M. Patios, Service Yards, and Fencing 
Includes material and design of patios, service yards and 
fencing. 
N. Other Miscellaneous Features 
Includes fireplaces, screen porches, patio roofs, built~in 


features, play yard equipment and other amenities. 
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APPENDIX B 


SUMMARY OF COST AND NO COST EVALUATION FEATURES 


Description Cost 


SITE DESIGN 
Site Utilization and Development 
Street and Block Pattern 
Clustering 
Variation of Structure Appearance 
Structure Orientation 
Buffering 
Open Space 
Site Integration 
Preservation of Natural Features 
Compatibility with Surrounding Environment 
Vehicular Circulation 
Access and Traffic Conflicts 
Service 
Parking 
Quantity Provided x 
Proximity to Dwelling Units 
Layout of Parking Areas 
Pedestrian Circulation 
Building, Parking and Refuse Disposal Circ. 
To Recreation Areas, Bus Stops, and Community 
Buildings 
Landscaping 
Grading 
Screening 
Decorative Plantings x 
Maintainability 
Recreation 
Major Recreation Areas x 
Piayerounds & Tot Lots 


a 


SITE ENGINEERING 
ELeewmncal Distribution 
Water Distribution System 
Sanitary Sewer System 
storm Drainage System 
Gas Distribution Svstem 
Outdoor Lighting 
Master TV Antenna 
street System 
Parking and Drivewavs 
Walkways 
Ground Cover, Irrigation and Soil Treatment 
Fire Protection 
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Paragraph Description 


Ila DWELLING UNIT DESIGN 
Dwelling Unit Type 

Net Floor Area 

Exterior Appearance 
Outdoor/Indoor Integration 
Storage 

Vehicle Storage 
Functional Arrangement 
Living 

Sleeping 

Bathing 

Food Handling 

Utility and Work Area 


PACH Ee OMB O OW Pp 


IV DWELLING UNIT ENGINEERING & 
SPECIFICATIONS 
Foundation System 
Flooring System 
1 Flooring System 
Finish Flooring 
c Exterior Walls 
Wall Construction 
Insulation 
Sheathing 
Finishes 
D Interior Walls and Ceilings 
Wall Construction 
Ceiling Construction 
Finishes 
E Roof System 
Framing 
Roofing and Sheathing 
3 Gutters/Downspouts/Flashing 
F Windows and Window Coverings 
G Doors 
1 Exterior 
Interior 
H Kitchens 
Kitchen Floors 
Kitchen Cabinets and Tops 
Kitchen Exhaust 
Kitchen Sinks and Fixtures 
I Bathrooms 
Floors and Wainscots 
Fixtures 
Iimterior Plumbing 
Interior Electrical System 
Heating, Ventilation and A/C 


ww > 
Whe WHE N 


N = 
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Cost 
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No 
Cost 





Paragraph Description 


M Patios, Service Yards and Fencing 
N Other Miscellaneous Features 


61 


No 


Coce 
Cost 
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RESULTS OF THE HOUSING SURVEY 


Development 


Madison Hill 
Arbor Green 


Woodglen Square 


Country Road 


The Pond 


Parkwood 


Hillsborough 


East Glenn 


UNITS SURVEYED 


Developer 


Perl-—Mack 
Witkin 


Wood Bros. 


Sabra Enterprises 


Writer 


Wood Bros. 


American Bldrs 


Crown Bldrs/ 
National Homes 


Kings Mill on the Witkin 
Hile 
The Pond Writer 
A, B, C, B 


Cluster Homes E 


Single Family Homes 


BG; Henle J 


Location 


Sheridan Blvd. & US36 
88th & Wadsworth 


120th & N. Colorado 
Blvd. 


88th & Wadsworth 


88th, 3 mi. West of 
Wadsworth 


S. Boulder Rd. & 
Garfield 


S. Bouler Rd. & 
Garfield 


128th & Colorado Bivd. 
88th, 1 mi. west of 
Wadsworth 


88th, 3 mi. west of 
Wadsworth 
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Paragraph 
1 D 
F 
G 
ion B 


LISTING 


Description 


Parking 


Landscaping 


Recreation 


Water Dist 


Sanitary Sewer 


Storm Drainage 


Outdoor Lightg 


street System 


Parking & 
Driveways 


APPENDIX E 


OF WEIGHTED ALTERNATIVES 


Alternatives 


Garage 2 car/unit 
Garage 1 car/unit 
Canpome 2 car/unit 
Ganpeme |) car/unit 


Excellent 
Good 
Satisfactory 


One/50 units 
One/75 units 
One/100 units 


12"main/250' Hy 


10 Tt 250° tf 
16" a /300' ! 
8" Tt /250' ‘1 
So i] /300' tt 
8" ? 7350' Ai 
BY C) Gray ity 
Vatebay/Gravity 
Conc/Gravity 


PVC/Pump Sta 
Vitclay/Pump Sta 
Conc/Pump Sta 


Catch Basins each 
corner 

Some catch basins 

All open runs 


Max 100' interval 
Tf 150’ tf 
i: 2200" : 


+4! 
ap 
Std 


width 
width 
Width 


Dbl width, 
Dbi width, 
S¢1 width, 
Min width, 


conc 
asph 
conc 
asph 


PS PS PS 
i WN ee 
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Weighted 
Value 
4x1 4 
3x1 3 
1x1 1 
0 0 
5x4 25 
2x5 10 
9) 0 
5x1 5 
2x2 4 
0 0 
axixl 5 m5 
41x 1.375 a. 5 
3x1x1.250 6.75 
Peele 1. 125 Dae 
ale ell 1 
0 0 
5x1lx1.5 y 5 
“xox le 375 28.5 
3x 1x1. 250 S./5 
2e1x1.125 Daas 
1lx1lxl 1 
0 0 
axclocls..5 as. 
Beco xk. 25 13.75 
0 0 
2x ie 2S 2.25 
lx1lxl ik 
0 0 
4x1lx1.375 B. 4 
De x 1 25 “a. 5D 
0 0 
3x5x1.5 D225 
2RORIS STS S20 
Dee 2 225 
0 0 
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ae d Weighted 
Paragraph Description Alternatives Value 
i J Walkways Ade) +1 “width Xag 5eixi. 5 LD 
House + 1' width X39 2rexl.25 5a) 
Street + 1' width X 378x%1.125 10.1 
Std ee 0 0 
41 
K Ground Cover 100% sod X13 Spot. 5 
754 sod Xi h asx 237 5 
50% sod Xis 3x1x1.25 Says 
25% sod X16 2; 125 ra 
All seed X 0 0 
47 
III B Net Floor Area Basic Xe 0 0 
0-2% minus X13 -1xl -l 
2-4% minus Xig -2xl -2 
4-6% minus Xen -3x1 -3 
6-84 minus Xe4 -4x1 -4 
8-10% minus Xe9 -5x3 -15 
D Indoor-Outdoor All 3 Key ep.il 3 
Integration Lrg Patio & Encl Xee 4x1 4 
Lrg Patio & Fence Xap fe pi 6 
Std Patio & Fence Xeno 22 4 
Lre =Pat Lo Xe 9 x2 Z 
Std Patio X 0 0 
a, 
E Storage 60-75% above min Xo 5x4 20 
45-60% ut + Xe 4x1 4 
30-45% : Xen 35: 3 
[5307 i io Xo. 2x1 2 
0-15% M a X ileal 1 
Minimum ao 0 0 
65 
F Vehicle 2 car attchd garage X 6 5x3 }5 
Storage 2 car detchd garage Xe5 4x1 4 
1 car attchd garage Xie Bee2 6 
2 Car Camper t X Jira il 
69 
1] car carport X 0 0 
70 
H Living Buster FPS & Book-— 
Accomoda- case X55 Sxl 5 
tions Builtin F.P. X 4x5 20 
Freestanding F.P. & 
Bookcase Xo, 37a 3} 
Freestanding F.P. Xo 5 2%): 2 
Bookcase xe del 1 
None xe 0 0 





Paragraph 


JOVI if 


IV A 


Description 


Bedroom Size 


Bathrooms 


Food Handling 


Utility & Work 
Area 


Eoundation 
System 


Floor System 
Construction 


Finish 
Flooring 


Alternatives 


More than 20% above 
main. 

16-20% above min 

11-1527 sd iS 

66-10% tT t 

57, tt tt 

Min 


Oversize & Additnl 
Additional 
Oversize & Extras 
Oversize 

Min 


Oversize & 12SF extr 
Oversize & 6SF extra 


Oversize 

6 SF extra 
3 SF extra 
Min 


Main floor, 
room w/ storage 


Main floor, separate 


room w/o storage 
Basement 
Main floor encl 


Basement 
Crawl space 
Slab on Grade 


Steel frame, conc 
slab 

Steel frame, wood 
LGOrT 

Wood frame, wood 
floor 

Slab on Grade 


Hardwood 

Sheet vinyl, thk 
Sheet vinyl, std 
Vinyl tile 

Vinyl Abs thk 
Vinyl Abs std 


separate 


a7 
98 
a9 


PS PS 


X100 
101 
102 


103 


104 
*105 

106 
‘107 
108 
109 
11¢ 
111 
X12 


PS PS PS PS PS va 


rs 


5x5 
4x1 
3x 
pall 
dsc: 


DS 
4x3 
Spall 
2a 


DxeZ 
ax 
Seal 
ZL 
Tx 


iS pays 


4x1 
2x3 


5x4xl1. 
ZRELZX I. 


Spa belle 
Bile alle 
Zeno 
axixl. 
4xixl. 


PRoxl . 
2s. 


ex isc 
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Weighted 
Value 


B) 
i235 


25 


25 


575 
125 
eZ 


OF mMWu&™ 


15 


5S, 


MES) 
5D) 





Paragraph 


IV 


C 


D 


Description 


Exterior Walls 
Construction 


Insulation 


Sheathing 


Finishes 


Interior Walls 
and Ceilings 
Wall Const 


Ceiling const 


Wall finish 


Alternatives 


Reinforced Conc 
Masonry 

Steel Frame 
Wood Frame 


4" Fiberglass w/VB 
2-1/2" 1 tt 
Vapor Barrier 


5/64 
12} 
5/8" Fiber 

3/8" Plywood 
S32. erie r 


Plywood 
VW 


All Brick/Stucco 


1/4 Brick & 3/4 wood 


All wood unpainted 

1/4 wood & 3/4 pre- 
fin 

Prefinished 

Plywood 


Reinforced masonry 
Unreinforced " 
Wood Frame 

Metal studs 


Sheet rock, 
fin 

Sheet rock, 

Accoustical 


spray 


paint 
tile 
Plaster, 3 coats 
paint 
Plaster, 2 coats 
paint 
Drywall, 
paint, 
Drywall, 
paint, 
Drywall, 
paint 


3 coats 
10% panelg 
2 coats 
10% panelg 
2 coats 


SE 
114 
“Sails 


116 


pal 
118 
119 


120 
Ikvaae 
122 
123 
124 


PL PS PS PS DX 


5 


126 
PZ 7 


rm PS 


X198 


29 
130 


rs Ps 


131 
132 
oS 
134 


Pa PS PS PS 


5 


136 
3 / 


Ps PX 


138 


ILS, 


140 


141 


142 


5x1xl1. 
ies cl Le 
Box. 


0 


5x3x1. 
3x4ax1; 


0 


Sxl aie. 
4x1lxl. 
Wap al oie | I 


lx1lxl 
0 


Spe eal 
4x1xl. 
3xixi. 


2x31, 


1x3x1 
0 


xis. 
4x1xl. 
2x 


py es ya a 
Slo, 


Sp alee) ie 


Opal Ue 


2 Aoi 


Poll 
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Weighted 
Value 
5 Ves. 
B/S Se 
25 Lae 5 
0 
5 22.5 
25 UES: 
0 
5 HS) 
a7 D SIGS: 
E25 7 re Fa 
1 
0 
5 Le 
375 See 
2D iD 
25 G27) 
3 
0 
5 a5 
375 Be. 
025°) ee 
0 
5 Sy aae: 
Vhs, SS 
0 
= ee: 
375 os) 
125 Lee 
1 
0 





Paragraph 


E 


F 


Description 


Roof System 
Framing & 
Sheathing 


Roofing 


Gutters & 
Flashing 


Windows 


Doors 


Exterior 


Interior room 
& closet 


Alstic pnaiaiaze s 


Truss 24"0C + 5/8" 
Fay, -aeli0 -insul 
Truss 2 '0C + 1/2" 
ig + lO” insul 
Teuss 24'0C + 1/2" 
Peay Feo. insu! 
Trusses. 0c + 3/8" 
Pye ceeon einsu | 

Truss 48" + 3/4" 
Biy tee ii1sul 
Rafter 48" Oc + 3/4 
rae. insul 


Claytile or Alum 
Sel yebuielt up or 
350# Class "A" 

325# 
300# 
23oieClass C 


Copper 

Lead 

Aluminum, Galv iron 
PVG 


Wood frame, insul 

Wood frame 

Alum frame, insul 

Alum frame | 

Decorative, solid 
wood 

Birch, solid wood 


Pine, solid wood 


Wood fin/wood fin 
Wood fin/metal 
Painted, metal 
Hardboard metal 
Hardboard/fiber 


PS PS PS PS 
bd 4 
Ul in 
NO 


158 


159 


Pm PS PS PS 
a 
ov Oo) 
SS 


162 


X17 63 


ms XS 


iG» 


mel: 


ss pl lal I 


4x1lxl. 


See5x 1, 


prea laa 


ieeixi 


5xIlxl. 


ixixl . 
2x ix. 


lxiegh 


Bye cdiet 
Sy a Seip 
fs cap ile 


5x ilxi. 
Bob 
22K. 


Ex5x1, 
De lee 


5x ore 
AxQeciy. 
Serx Ls 
Bee x Ls 
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Weighted 
Value 
5 UE: 
375 5305 
a Ios 7s, 
125 2a 
1 
0 
5 (pes, 
S75 eS, 
As Za 
1 
0 
5 to 
SLD Se, 
li | CL ee 
0 
5 fics. 
Z> SIR Ts: 
125 
0 
375) SO. 5 
ik aos 
0 
s) 225 
By S. 
Zp J 
go: a) 
0 





Paragraph Description 


IV 


H 


as 


Kitchens 


Floor 


Cabinets & 
Counters 


Exhaust Fans 


Kitchen 
Sinks 


Bathrooms 
Floors 


Fixtures 


Alternatives 


Sheet vinyl, over 
1 gol 
Sheet vinyl, 1/16 
1/8 


Vinyl tile over 1/16 


Sheet vinyl 1/16 
Vinge 1/16 


Good Grade/Cer Tile 

StdeGrade/ Cen Tile 

Good Grade/Upgrade 
Formica 

Std Grade/Upgrade 
Formica 

Std Grade/Std 
Formica 


Range hood 
Exhaust fan 


Stainless Steel 42” 

Stainless Steel 32, 
36% 

Cast sleone 42 

Castarroneo2. Jo 

Single bowl, cast 
wLigrone! 


Terrazzo 
Ceramic Tile 
Sheet vinyl 
Nanny Ga be 


Fiber tub encl, 2 
vanity, lrg sink 

Ze vaniiey ace Sink, 
counter 

2 evant ne “centr 

2 vanity 

1 vanity 

Wall hung 


X172 


eal 
Tey, 
Lis 
176 


Ps PN 


M197 
178 


179 
180 
181 
4189 
183 
185 
X1 386 
187 
“188 
189 
190 
191 


Lo 
1 


PS Ps PS PX 


rm 


194 


Is 
1h 
197 
198 
9 


Ps PS PS PX 


ax ix. 


4521 Be 
Dale; 


1x4x1 


Bolscis. 
4x1xl. 


Pp esp ale 


ix ick 


sx beak 


Sxl: 


4x1xl. 
Vso°o) boa UE 


ox 


Sxixl. 
Sinai ial le 


lbgo pai 


Spee ie 


4x1lxl. 
epee alle 
Zsa 


it 
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Weighted 
Value 
5 (ies, 
S75. 20 
i Ze25 
4 
0 
5 aeS 
375 5 ee 
Es a. Wy 
un 
0 
25 B75 
0 
5 | oes, 
375 syn) 
dees: oes) 
S, 
0 
3) es 
25 Cy ge 
5 
0 
5 15.0 
375 > ee 
Za Tees: 
125 DIS as 
AL 
0 





Paragraph Description 


IV J Interior 
Plumbing 
K Interior 
Electrical 


Alternatives 


Copper/CI 
Copper/PVC 


cU/150 Amp 
cu/100 Amp 
AL/150 Amp 
AL/100 Amp 


2200 
201 


202 
203 
204 
205 


PS PA PS PN 


91 


Weighted 
Value 


Hye lpi PAA: Zee 


0 0 

by al balla) TBs 
e250 ese) 5 
PRESK AZ 6.75 
0 0 
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APPENDIX F 
COMMENTS ON THE INTEGER PROGRAM 


The program selected for testing the model was obtained from 
the University of Colorado Computing Center Library. It is titled 
"Arriba" and is designed to solve integer problems by any of three 
different algorithms chosen by the Ageyae The user manual contained 
in the library is labeled Preliminary however the primary author, 

R. E. Woolsey, confirmed that a final manual had not been issued. 

Wine, aveediba quantal did not contain sufficient information to 
use the program and contained several errors on the punching of 
control cards. In addition the manual does not provide information 
on the size and shape of the problems that can be solved or the 
form of the answers. These deficiencies severely complicated the 
testing and evaluation of the model. The additional user instruc- 
tions contained in this appendix have also been provided to the 
University of Colorado Computing Center for use with the user manual. 

The Arriba program, which consists of the program Arriba, 
eighteen subroutines and two functions, is dimensioned for a problem 
100 columns by 100 rows including the right hand constraint column 
and objective function row. The number of rows in a problem will 
generally have to be less than this since each equality constraint 
generates two rows in the solution problem. A problem formulated 


Te E. Woolsey, Brady Holcolm and Peter Ryan, Arriba An All 


Integer Programming System (Control Data Corporation, 1969). 


a ae conversation with R. E. Woolsey, Golden, Colorado, 
ey 3, 1975. 





with an objective function, 


4 equality 


4 less 


93 


than or equal constraints and 


constraints will therefore use 13 rows of the matrix. 


The printout will list the problem as having 13 rows rather than 


the 9 entered. 


The following cards are required to use the program: 


Card 1A There is no reference in the manual to the first control 
card required to use the program. The main program relies 
on a number of computed "go to' and arithmetic "if" state- 
ments for transportation through the program. The first con- 
trol card, read in 13A6 format provides the entries for one 
side of the arithmetic "if" statements. The user has an 
option on defining some of the 13 literals while others are 
defined elsewhere in the program. Each entry has a specific 
purpose as listed: 

Entry User 
Cot Purpose Used Soin 
1-6 Matches col 1-6 on Controls card CONTRO Yes 
7-12 Matches col 1-6 on Title card EATS Yes 

13-18 Matches col 1-6 on Row ID card ROW ID Yes 

19-24 Matches col 1-6 on End of Record cards RECORD Yes 

25-30 Matches col 1-6 on Matrix card MATRIX Yes 

31-36 Matches col 7-12 on cards with less than or 

equal constraint. Number of spaces must be 

consistent with constraint card. ++++++ #®No 
37-42 Matches col 7-12 on cards with greater than 

or equal constraint. Number of spaces used 

HucmebeeCONSISLCHUWLeMeGONnSthalmt, Caed. oo  —-=--- No 
43-48 Matches col 1-6 on algorithm card if IPSC 

algorithm used. E'S Gare No 
49-54 Matches col 1-6 on algorithm card if BALSAG 

algorithm used. BALSAG No 
55-60 Matches col 1-6 on algorithm card if PRIMAL 

PRIMAL algorithm used. PRIMAL No 
61-66 Matches col 1-6 on Arriba card ARRIBA = No 
67-72 Matches col 1-6 on Exit card RECORD Yes 
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73-78 Matches col 1-6 on Basis card BASIS. Yes 


The successful use of the program depends entirely on the 


entries on this first card matching exactly the entry on the 


reterenced cara: 


Card 1B This controls card provides directions for printing the 


Gol 
1-6 
ales: 


S2—-55 
56-60 
fo—-o0 


Garda 2 


Card 3 


Card 4 


input data, the objective value and activity list at 

various interations and set the pivot limit on the number 
of iterations allowed. The directions in the users manual 
for this card provide some incorrect column numbers. The 


correct format is as follows: 


Match col 1-6 on control card 1A 


Use either 0, suppress printing of input data or 1, print 
input data. 


Specifies how often the objective value is printed. 
Specifies how often the values of the variables are printed. 


Specifies the allowable number of pivots. 


The first 6 columns of this title card must match col /-12 
on Card 1A hence "TITLE." is recommended. The remaining 

74 columns are for the title of the problem and are 

printed at the top of the outnrut nage. 

The first 6 columns of this card must match col 13-18 on 
card 1A. Since this card signals the start of the listing 
of row constraints "ROW ID" is recommended. The constraints 
in col 7-12 of the row ID cards must match the respective 
entries in col 31-36 or 3/-42 as appropriate. Anything 

else will be read as an equality. 


miesmenualererers to this card as an End Of Record (EOR) card 





Card 


Card 


Card 


Card 


Card 


Card 


Gar | 


10 


11 
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Since it signals the end of the row constraints however 
the use of a /-8-9 card, normally used for an EOR, is 
inappropriate. The 6 alpha-numeric characters in cols 
1-6 of this card must match col 19-24 on card 1A. 

The first 6 columns of this card must match col 25-30 on 
card 1A. Since this card signals the start of the matrix 
body "MATRIX" is recommended. 

This EOR card must be the same as card 4. 

This card is optional. The first 6 columns on this 

card must match col /3-/8 on card 1A. Since it signals 
the start of an initial basic solution "BASIS." is 
recommended. 

This EOR card is used only if a Basis is used and must 

be the same as Card 4. 

The first 6 columns of this card specifies the algorithm 
to be used. The entry must match the appropriate entry 
on Card 1A. 

The first 6 columns of this card must match col 61-66 on 
Card 1A and should be the word "ARRIBA." 

The Arriba card signals the end of a problem and the 
computer will look for another problem. To terminate the 
program smoothly after the last problem an exit card is 
used. Because the program is stili using arithmetic "if" 
Statements col 1-6 of this card must match col 6/-/2 on 
Card 1A. If successful the last statement on the print out 


should be 'All problems processed, hasta luego.” 
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The algorithm used for the model problem was BALASG, which 
uses the Balas zero-one algorithm. The problem was one of maximiza- 
tion and it was anticipated that the output would show the objective 
function increasing with each iteration and the variables in the 
basis with a value of one. The results however were exactly the 
opposite. The algorithm appears to treat the problem as a minimi- 
zation with the objective value printed on the output decreasing 
with each iteration. However this is not the desired value. The 
actual solution set consists of the variables with a value of zero 
and the value of the corresponding objective function must be calcu- 
lated by summing up the respective coefficients in the objective row. 

In the development of the scoring system the alternatives 
representing the minimum acceptable standard were assigned a coeffi- 
cient of zero and it was assumed they would play no part in the 
maximization process, in practice this did not prove to be true 
because of the minimization process discussed above. As a result 
the original solution set included either one or two zeros for each 
feature evaluated. This was confusing because the formulation per- 
mitted only one alternative per feature. 

To test the model therefore each coefficient in the objective 
function was increased by one including those with an initial value 
of zero. This reduced the number of variables in the solution set 


fo the number of features evaluated. 
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